
ABSTRACT 

THE JPL ICOLATED APPLICqTION EXPERIMENT SERIES 
.PU 

R: R. Levin 
J e t  Propulsion Laboratory 

Cal ifornia  I n s t i t u t e  of Technology 
Pasadena, Cali  fornia  

The goal of the Applioations Element of the Thermal Power Systems Project  i s  
t o  e s t ab l i sh  the technica l ,  operat ional ,  and economic readiness of parabolic 
d i s h  power systems fo r  a var ie ty  of appl ica t ions  i n  tne power range below 10 
MWe. Power systems atbe being ,developed and t e s t ed  t o  the point where 
comt.~ercialization e f f o r t s  can lead t o  successful market penetratjon. A key 
element in  t h i s  s t ra tegy  is the use of experiments t o  t e s t  hardware and a s ses s  
operat ional  readiness.  The JPL Isolated Applicatjon Experiments a r e  described 
and t h e i r  voject ives  discussed. 

BACKGROUND 

The three successive mi l e s tmes  required in  the development of a new 
technology t o  the point of commercial readiness a r e :  1 )  demonstration of 
technical  f e a s i b i l i t y ,  2 )  v e r i f l c a t i ~ r ~  of readiness of the technology, and 3 )  
achievement of cost  goals  required for  comnercial reaCiness. The three phases 
i n  the evolution of a new technology can be described a s  c rea t ion ,  
development, and commercialization. Par t ic ipa t ion  by both goqernment and +he 
pr iva te  sector  may be necessary, w i t h  increasing ac t iv iky  by the l a t t e r  a s  the  
commercial readiness phase is approached. Poten t ia l  users a r e  involved ea r ly  
i n  the design phase t o  the maximum sx ten t  possible.  

A key elenent of the program stratt lgy is f i r s t  the  i d e n t i f i ~ a t i o r ~ ,  and i a t e r  
the ~ e n e t r a ~ i ~ n ,  of near-term markets t h a t  w i l l  provide a stimulus f o r  
es tab l i sh ing  a manufacturing industry. T h i s ,  in  tu rn ,  w i l l  lead t o  cos t  
reductions a s  a r e su l t  of improved manufacturing oethods, coupled w i t h  an 
increasing volume of production a s  lower cos t  markets a r e  penqtrated. The 
importance of t h i s  program element l i e s  i n  the  be l i e f  t h a t  design improvement 
alone wi l l  not r e s u l t  i n  a s u f f i c i e n t l y  low pr ice  t u  penetrate  the u t i l i t y  
market. A combination - f  mature technologies and mass production, .lowever, 
o f f e r s  the poten t ia l  fo r  economically conpet i t ive  power systems w i t h  a 
s ign i f i can t  environmental advantage. 

Potent ial  users  w i l l  be sought t h a t  f a l l  i n t o  two broad market categories:  
1 )  the near-to-mid-term market, which i s  smaller ,  and for  which cos t s  a r e  
higher;  and 2) the  far-term market which largely corresponds t o  the u t i i i t y  
sec tor  for  which a mature so l a r  thermal technology is needed before 
penetrat ion can be expected. Application s tud ie s  and system analyses  a r e  
being conducted t o  develop candidate system configurat ions best matched t o  the  
users in  each category. Selected system design concepts w i l l  be developed 
through cont rac ts  l e t  t o  pr iva te  industry.  



THE ISOLATED A?PLICATION EXPERIMENTS 

T h e ,  I s o l a t e d  A p p l i c a t i o n s  Exper iment  Series is t h e  s e c o r J  m a j o r  a c t i v i t y  
w i t h i n  t h e  A p p l i c a t i o n s  Element  o f  t h e  P r o J e c t .  The Series w i l l  b e  7 set 3f 

small ( a p p r o x i m a t e l y  60-1 50 kWe) s o l a r  t h e r m a l  power e x p e r i m e n t s ,  e a c h  of 
which is meant t o  a d d r e s s  a s e p a r a t e  i s o l a t e d  l o a d  a p p l i c a t i o n .  

T h e s e  e x p e r i m e n t s  w i l l  employ p o i n t  f o c u s i n g  d i s t r i b u t e d  r e c e i v e r  t e c h n o l o g y  
w i t h  emphas i s  on e lect r ic  power a p p l i c a t i o n s .  The program i s  c l o s e l y  
i n t e g r a t e d  with t h e  Technology Element  o f  t h e  P r o j e c t  w i t h  t h e  o b j e c t i v e  o f  
u t i l i z i n g  t h e  t e c h n o l o g i e s  b e i n g  d e v e l o p e d  u n d e r  t h a t  program. 

The first e x p e r i m e n t  i n  t h e  S e r i e s  is co-sponsored  by t h e  Dept.  o f  Energy a n d  
t h e  U.S. Navy u n d e r  t h e  a u s p i c e s  o f  t h e  C i v i l  E n g i n e e r i n g  L a b o r a t o r y  (CEL). 
CEL and  J P L  h a v e  worked t o g e t h e r  t o  d e v e l o p  s y s t e m  r e q u i r e m e n t s .  The 
e x p e r i m r i l t ,  d e s i g n a t e d  a s  t h 3  M i l i t a r y  Module Power E x p e r i m e n t ,  w i l l  be  a 
modular  s y s t e ~  u s i n g  a h y b r i d  f i r e d  B r a y t o n  c y c l e  e n e r g y  c o n v e r s i o n .  
S u b s e q u e n t  ex e r i m e n t s  w i l l  test  d i f f e r e n t  v e r s i o n s  o f  similar h a r d w a r e  i n  
d i f f e r e n t  a p p l i c a t i o n s  which a r e  now b e i n g  s e l e c t e d .  

Pr imary  c o n s i d e r a t i o n s  i n  i m p l e m e n t i n g  t h e  s e r i e s  a r e  t o :  

o T g s t  t h e  r e a d i n e s s  o f  s u i t a b l e  s o l a r  power t e c h n o l o g i e s  a t  t h e  s y s t e m  
l e v e l  i n  a number o f  d i f f e r e n t  a p p l i c a t i o n s .  

o Economica l ly  p r o v i d e  + s t i n g  o f  b o t h  t e c h n o l o g i e s  a n d  m a r k e t s ,  t h u s  
m e e t i n g  p r i n c i p a l  program o b j e c t i v e s  w l  t h o u t  la i 'ge  e x p e n d i t u r e s .  

o I n v o l v e  a l a r g e  c o n s i t u ; n c y  o f  i n d m t r i a l  s u p p l i e r s  and u s e m .  

o Address  t h e  po te r  ' i a l  f o r  near- to-mid-term marke t  f o r  s m a l l  power s y s t e m s  
t h a t  i s  needed t o  p r o v i d e  t h e  i n i t i a l  i n c e n t i v e  . t o  m a n u f a c t u r e  t h e s e  
a y ~ t l e m s .  

o I n c r e a s e  p rogrammat ic  f l e x i b i l i t y  by employ ing  a number o f  s m a l l  and 
v a r i e d  e x p e r i m e n t s .  

Emphasis w i l l  b e  on: 

o High r e l i a b i l i t y  and s a f e t y .  

o E a r l y  p l a n t  deployment .  

o Low program c o s t .  

o Complete tes t  and e v a l u a t i o n .  

The e l l e l n e e r i n g  e x p e r i m e n t s  w i l l  b e  d e s i g n e d ,  i n s t a l l e d ,  and  o p e r a t e d  t o  
p e r m i t  J P L  t o  b e t t e r  u n d e r s t a n d  s o l a r  t h e r m a l  p l a n t  a p p l i c a t i o n s  and t e c h n i c a l  
f e a s i b i l i t y .  



The c jb jec t ive  o f  t h e  e n g i n e e r i n g  exper imentsd  is n o t  t o  maximize t h e  kWh of 
ene rgy  gene ra t ed  by t h e  s o l a r  p l a n t  o r  t o  lower t h e  electric power c o s t s  of 
t h e  s i te p a r t i c i p a n t s .  Rather  t h e  o b j e c t i v e s  are t o :  

Verify t h a t  t h e  s o l a r  t he rma l  p l a n t  c a n  produce power from solar 
r a d i a t i o n  supplemented by fossil  fie1 t o  meet ene rgy  r e q u i r e m e n t s  for 
t h i s  a p p l i c a t i o n  d u r i n g  d e s i g n a t e d  test  pe r iods .  

Ver i fy  t h a t  t h e  solar h y b r i d  p l a n t  concept  can  be  c o n s i d e r e d  as a firm 
power r e s o u r c e  f o r  t h i s  a p p l i c a t i o n  d u r i n g  d e s i g n a t e d  test pe r iods .  

C h a r a c t e r i z e  t h e  t o t a l  performance o f  t h e  p l a n t  ( s i t e  p r e p a r a t i o n ,  
components, subcystems,  modules, arid p l a n t )  as a f u n ~ t i o n  of  l o a d  
c h a r a c t e r i s t i c s ,  i n s o l a t i o n ,  weather ,  o p e r a t i o n s  and maintenance 
a c t i v i t i e s ,  s a f e t y  r e g u l a t i o n s ,  e n v i r o m e n t a l  r e g u l a t i o n s ,  s e i s m i c  
f a c t o r s ,  and l e g a l  and s o c i o - t e c h n i c a l  f h c t o r s .  

I d e n t i f y  and unders tand  p l a n t  f a i l u r e  modes. 

I d e n t i f y  and q u a n t i f y  t h e  impact  o f  s o l a r  h y b r i d  p l a n t  o p s r a t f o n s  on  t h e  
d a i l y  o p e r a t i o n s  a c t i v i t i e s  o f  x e r  pe r sonne l  and on  u s e r  manning 
requi rements .  

I d e n t i f y  and q u a n t i f y  t h e  impact  o f  s o l a r  hybr id  p l a n t  i n s t a l l a t i o n  and 
o p e r a t i o n s  on t h e  l o c a l  environment.  

I d e n t i f y  and q u a n t i f y  t h e  impact  o f  s o l a r  hybr id  y l a n t  i n s t a l l a t i o n  and 
o p e r a t i o n  on t h e  accep tance  o f  s o l a r  power p l a n t s  by l o c a l  p u b l i c  
o f f i c i a l s ,  l o c a l  power sys tem o f f i c i a l s ,  and t h e  l o c a l  p u b l i c .  

SCHEDULE 

The LIVE w i l l  e n t e r  d e s i g n  phase  i n  FY81. The schedu le  f o r  t h e  f i r s t  
exper iment  now c a l l s  f o r  a test  and e v a l u a t i o n  o f  two d i f f e r e n t  modules t o  
begin  i n  CY83. T e s t s  w i l l  be conducted a t  t h e  PDTS a t  Edwards AFB. Two 
c o n t r a c t s  w i l l  b e  awarded f o r  system d e s i g n ,  and t h i s  e f f o r t  w i l l  cu lmina te  i n  
a test program l a s t i n g  f o r  approximate ly  12 months (summer '82-summer ' 83 ) .  
Seve re  cu tbacks  by DOE i n  t h e  P ~ n d s  r e q u e s t e d  by t h e  Thermal Power Systems 
Pro  S e c t  have impacted t h e  MMPE, The e x t e n t  of t h e  impact  h a s  been a S l i p  of  
approximate ly  18 mos. i n  t h e  module test comple t ion  d a t e .  

TECHNICAL FEATURES 

The degree  of  MMPE module se l f - con ta inmen t  w i l l  be  d r i v e n  by bo th  economics 
and r e . L i a b i l i t y .  Each module w i l l  c o n t a i n  ( a t  a  miniuium) c o n c e n t r a t o r ,  
r e c e i v e r ,  hybr id  combustor, t u r b i n e ,  r e c u p e r a t o r ,  compressor ,  a l t e r n a t o r ,  
module c o n t r o l s ,  starter,  c o n c e n t r a t o r  d r i v e s ,  t r a c k i n g  d e v i c e s  and s e n s o r s ,  
some f u e l  s t o r a g e  and necessa ry  exhaus t  hardware. A comple t e ly  s e l f - c o n t a i n e d  
module is d e s i r e d  w i t h  o n l y  t h e  t r u e  p l a n t  f u n c t i o n s  l o c a t e d  c e n t r a l i y .  These 
w i l l  be power combination and c o n d i t i o n i n g  equipment,  module and p l a n t  
performance i n d i c a t o r s ,  g r i d  i n t e r c o n n e c t i o n  equipment,  "omputing and d a t a  
r e c o r d i n g  f a c i l i t i e s ,  i n s t r u m e n t a t i o n ,  p l a n t  s a f e t y  and c o n t r o l  equipment. 



The normal mode o f  module o p e r a t i o n  w i l l  b e  una t t ended ,  however each  module 
w i l l  b e  equipped f o r  s a f e t y  o r  emergency shutdown, b o t h  manual and au toma t i c .  
Although a f i x e d  i n s t a l l a t i o n  is expec ted ,  i n d i v i d u a l  modules must be 
t r a n s p o r t a b l e ,  f i e l d  e r e c t a b l e  and f i e l d  s e r v i c e a b l e .  

Long term the rma l  s t u r a g e  w i l l  n o t  be i n c l u d e d  i n  t h e  p l a n t .  No t he rma l  
b u f f e r i n g  w i l l  be  provided  e x c e p t  by t h e  h e a t  c a p a c i t i e s  o f  t h e  i n s t a l l e d  
components and working f l u i d .  me h y b r i d  combustor  c o n t r o l  system a n d / o r  
eng ine  c o n t r o l s  w i l l  p r o v i d e  t h e  d e s i r e d  t r a n s i e n t  r e s p o n s e  c h a r a c t e r i s t i c s .  

MMPG CONTRACI' STRATSY 

P a s t  performance o f  DOE s o l a r  t he rma l  sys tem i n t e g r a t i o n  c o n t r a c t o r s  p l u s  
o r d i n a r y  good b u s i n e s s  p r a c t i c e  a r g u e  s t r o n g l y  f o r  t h e  c r e a t i o n  and 
maintenance o f  a c o m p e t i t i v e  environment f o r  bo th  subsystem development 
c o n t r a c t s  and system i n t e g r a t i o n  c o n t r a c t s  f o r  t h e  JPL Eng inee r ing  
Experiments. Compet i t ion  can  be i n t r o d u c e d  i n  s e v e r a l  ways, a l t h o u g h  t h e  b e s t  
acd most e f f e c t i v e  method is t o  f i n a n c e  i t  d i r e c t l y .  T h i s  means t h e  p a r a l l e l  
deveiopment o f  a l t e r n a t i v e  subsys tems and /o r  i n t e r c h a n g e a b l e  t e c h n o l o g i e s ,  any  
one o f  which c o u l d  meet t h e  s t a t e d  r e q u i r e m e n t s  f o r  t h e  sys tem be ing  
developed.  Compet i t ive  developments can then  be pursued and f i n a l  s e l e c t i o n s  
d e f e r r e d  u n t i l  wst, p e r f o r m n z e ,  o r  s c h e d u l e  c o n s i d e r a t i o n s  d i c t a t e  
t e r m i n a t i o n  o f  a l l .  b u t  t h e  l e a d i n g  c a n d i d a t e  o r  u n t i l  t h e  happy moment when 
one c a n d i d a t e  demons t r a t e s  t h e  a s s u r e d  achievement o f  a c c t p t a b l s  c o s t ,  
s chedu le ,  and performance. 

The most obvious  r e s u l t s  o f  c o m p e t i t i v e ,  p a r a l l e l ,  development is  I :duced 
program r i s k .  A less obvious  r e s u l t  is t h a t  c o m p e t i t i v e  development d o e s  n o t  
n e c e s s a r i l y  i n c r e a s e  t o t a l  program c o s t s .  Competing c o n t r a c t o r s  c o n s t a n t l y  
s t r i v e  t o  minimize c o s t  and o p t i m i z e  performance p a r t i c u l a r l y  when a v e r y  
l a r g e  p o t e n t i a l  market  is t h e  u l t i m a t e  p r i z e .  An optimum s t r a t e g y  is one 
which i n t r o d u c e s  and m a i n t a i n s  c o m p e t i t i o n  a s  i n e x p e n s i v e l y  as  p o s s i b i e  f o r  as  
l o n g  as  p o s s i b l e ,  e n s u r i n g  maximum program b e n e f i t s .  

JPL's  s t r a t e g y  is t h e r e f o r e  t o  e s t a b l i s h  and maint.ain a c o m p e t i t i v e  e n v i r o n e n t  
f o r  t h e  MMPE. 

MMPE SITE SELECTION 

Si te  s e l e c t i o n  f o r  MMPE h a s  been a U.S. Navy r e s p o n s i b i l i t y .  I t  w i l l  be 
conducted i n  p a r a l l e l  w i t h  t h e  ~ y s t e m  i n t e g r a t i o n  c o n t r o l  a c t i v i t i e s  and 
b a s i c a l l y  independent  o f  t h e  t e c h n i c a l  t a s k s .  The Marine Corps Air S t a t i o n  a t  
Yuma, Arizona,  h a s  been t e n t a t i v e l y  s e l e c t e d  a s  t h e  s i t e  f o r  t h e  exper iment .  



FUTURE EXPERIMENTS 

Additional small scale experiments are being planned for inclusion i n  the 
Series. They w i l l  be designed to  test  developing solar thermal hardware with 
emphasis on economy and modularity. Future Program Review- w i l l  afford the 
opportunity to  present the details of these experiments. 




